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(54) NEGATIVE C-PLATE TYPE OPTICALLY ANISOTROPIC FILM CONTAINING CYCLIC OLEFIN- 
BASED ADDITIVE POLYMER AND PREPARATION METHOD THEREOF 

(57) Abstract: 

PURPOSE: A negative C-plate type optically anisotropic film, its preparation method and a liquid 
crystal display device containing the film are provided, to allow a refractive index of thickness 
direction to be controlled according to the kind and content of functional groups introduced into a 
cyclic olefin-based additive polymer. CONSTITUTION: The negative C-plate type optically anisotropic 
film comprises a cyclic olefin-based additive polymer. The film has a retardation value (Rth) of 30-100 
nm at a thickness of 30-200 micrometers, wherein Rth is represented by the relation Rth = Delta(ny- 
nz)×d (wherein ny is a refractive index of a fast axis inside of plane measured at 550 nm, dz is 
a refractive index of thickness direction measured at 550 nm, and d is a thickness of a film). 
Preferably the cyclic olefin-based additive polymer is a homopolymer or copolymer obtained from the 
compound represented by the formula 1, wherein R1, R2, R3 and R4 are independently H, a halogen 



atom, a linear or branched alkyl, alkenyl, vinyl, haloalkyl, haloalkenyl or halovinyl of C1-C20, a 
hydrocarbon-substituted or unsubstituted cycloalkyl or halocycloalkyl group of C5-C12, a 
hydrocarbon-substituted or unsubstituted aryl or haloaryl group of C6-C40, a hydrocarbon-substituted 
or unsubstituted aralkyl or haloaralkyl group of C7-C15, an alkynyl or haloalkynyl group of C3-C20, or 
a non-hydrocarbonaceous polar group containing at least one O, N, P, S f Si or B; and m is an integer 
of 0-4. 
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(54) 3L?\*$ ^«^| <?-7}99*l* 3L^*Hf ^7Hq*iC-#3°lS(ii egativeC-plate)1 

^ *1# 5E§^ H-M 2*1*+. ^ ^gSl jael^ *^|« -9-7}- s)*r 

-8-71SJ ^ *8-^£) ^^1-^ 2,*$°} 7}^M ^"ft LCD(Liquid crystal display)* # 

*1HH} ^ M171-E1 «. ^-#^1-, ini£\fl JieJ^ #3]^ ^f7> ^#*f| 
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^^8 *^"3a(CRT; Cathode Ray Tube) c]^§eflo|ofl ^ ojsfl ^^(ba 

ttery)S ^ ^§ ^ yc.^, j^ 7 } ^A£I *V*]*Rr ^]7f 7>»f$) ^-cfl7> -g-olsv ^3 

^tt^I 2. M*M (computer monitor) ^ TV5. tfl^*}S}- 3<H 7fjz ^M*}. if-*l f^cfl^ 371°] oi)^ t^#«9 
34-, zJ-JEB] # Al*>z)-<HH <*I<3* 3HJ^§: ^#135>| ON/OFF^*] &7] ^m.^^ (contrast)* «tf 

o]^ ^-^(Dual Domain) TN, ASM(Axial»y symmetric aligned microcell), VA(vertical alignme 
nt). SE(surrounding electrode), PVA(Pattemed VA), IPS(ln- Plane Switching) S.H cHStt 2. H (mode 

)3 ^#3M7> 7fl^S)jl o^Cf. Zj-Zj-oJ JL-frft ^ Bj)<g ^JL o_^ f jL«-i£ ^ £>JL 

^afe ^ -&-#-§: 7fl>a^-7i &n *W§^ nl-eM 

ol*^* ^1 12f 24 ^-oi ^ifloj S oj R ^4 ^i^^ Ji^ %(fast axis; y-axis)^ 

^1 ^^(z-axis)Sl #o) R ^ ^ q.^ 4: ojfcj. 

(^^ v ^ 1) 

R e = A (n^ - n y ) x d 
2) 

= A (n y -n z )xd 

n x ^ *3MJSJ ^(slow axis; x-axis)^ Jl r n y ^ ^vfl^ Jl^ ^(fast axis; y-axis)Bl ^^#<^1 JI r n 

2 ^ ^ *^(z-axis)^ -^#o]j7, d ^ ^o]t+. 

^1 JMf ^#^.5. ^ 51^, ¥ ^tfl^J SL^ 0 ^ 3.JL ^-H^ ^ «] # 7>^1 ^.^8- 



ol^^i: jitf ?f^^ A _^efloiE( A _p, ate ; n x=#= n y = ^ z } ^ c-#^)<^lm(C- plate; 
n x = n y ^= n 2)7 ^ ^ ^oflAi oj ^i^}.^. ^^1 ^1^°J ^-«fl ^I £ H7f 7>^*f^, 

7]-*^: ^H«r^^ ^7fl7> ^^14 ^1 ^-7>y])<g3f ^ tg-^oj hH°1^ ^* ^.-frt!: 

^(layer)^ g-^ofl tI^aj-oj ^ ^^0): ^ a}.^ ^ ^.cf ^ « 0 vg=^ ^^f- 

ol HTil ufl^^ VA TN c1^#^)<>i t^^o^ vfl7>E) h. ^-#^l-(negative birefring 

ence)^: #£7 *H 7fEl h. (negative) C-#ellolS(C-plate)7j- _SL^£i=K 
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Ml7fHl«. C-#*JM ^(Negative C- plate) R e °}*r ^°-B.3- t R ^ ^ Jl^ %(fast axis)°4 n v 5* 

^ <Q*}%«\ zj-o) # <y ^ o. n ^ 5} *}o)o} ^( n n g-.*]^ ;g^<>) *J*1^SJ §^_Jl JE^ 

R 0 % *r7] 3^ ^a]s^ ^l^-S^M ^§ ^ aii}. 

(^A 1 3) 

R a x cos 9 f 
sin 2 6> 7 

J&7\ 3^1 *)<HH, ^ ^ vfl ^(internal angle)*!*}. 

M]7>El« C-«eflo]e^ ^ oj^ JL-g-^f aHU^ q^S^ <^(*fl: 5.583,6793:) 2} ^ 

^ ^(planar) ^ 7) (phenyl group)# 7}*\3L 2*-*f oMH(ofl: °)^*) *8 5,344.9163:), ?J 
£-5. *l<a*fl*J *^*HMl Sr##^tf 5L^*Rr oj^tjs ^#(ofl : ^l^7fl^--<H^iL W0 200 

0/55657)7} ye}. 

£]*flA|£ ^^^.5. e *i:*<a-§- 7}Z\±T2\ $ 3.^7}^ ^ofl ^bj- oj^vl t)^^ oj}^ ^oW 

ofl ^*fl*Rr ^3 o]§^ oj^v ^(defect) ^ z**. &^ 7 } Slcf. 



-§:<>] ^^)^oi|Ai ^711 ^7} <y<Hv-Hf ^7V 5a^f. 

Bl^-cf. S£^r ol* «o v ^r ^^l^^fl Sj-^l-l- ^r*)#£- 7}*) ^ ifl<HlAl^ $^5. <y*H 

45. .RA]5q^ ^p|)o]o^^ A}(Sellmeyersformular)^ lk°) 7>a] ^-Aj ai^aj ^ ^> «-a> s-a^^. 7^tf. 

(^^Aj 4) 

^/ 2 (A) = 1+ — + 2 2 - 

^ /lj — 

n€: ^#0] 3L. ' A 2 ^^x^oj ^c,}^ 4.A 2 ^ pj) 7fl ig ^(fitting parameter)^!^. 

01 04. ^- o_ ^^ v #-i: i^"^ Jl^> ^ofl uJ-b}- ^a o v^^ tg^^-ol 355. a o v 7) ^.^#0.5. 

t 1 ^ol^ * SL^r-t M-Bl-vfl^ 34-^ 550 nm ^ M^<^| cB«fl ^^2}* ^ cf^- ^vs) ^> 

**>^ Jiel^ *^]^7il f'^fe- 7VA]^-AJ ojo^ cflojAloJ ^^ol oj_o ^ -g-A)- S-^ol 3a^(nat)^ 

aiel^ f^^*]-^ ^71 ^r-g-A 1 1<>fl H-H}\+ tif^ ^^l ROMP(rlng opening metathesis polymerizati 

on), HROMP(ring opening metathesis polymerization followed by hydrogenation), ^^^l^^ 

^3- Si^r. «r7l ^--g-A] loflA] ^.^ ^^o| z>^. ^^1^ ^]-g-«fl z|2f ^§ *}-g-^; ^^f- cf^- ^ 

1] 
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I ^3 




^15. Af^cf. a^M- *1 *8^}lr ^*fl ^<H^! ^ °Jr^^^- ^tfl^M- ^^^l # 

4i3^r S-^B^-i- M-Bf\a^. ^^-^.5. ROMP -fr^ ^l^-S-t *j 50 r ^7M)?jq. 

A>o)oj oj^i^. ofl^^ <3*H <H3l*l *el«ol^r£l- Ji*)^- 3J,o^ <i>ej*i 2it+(Metcon 99). 

olSloHS. ^ ^cfl€ ^7>4 #e^3 7l7il^| -i-oi o|e^ l-ejt^ A o v<g^ 

ejpj7 r ^^^I^f j7 ^.315] SI ^-(Plastic News, Feb. 27/1995, p.24). H^M* oie1% 3-^*53 *-H7 r nj-ij- 

7]7fl3j #^7} *r*r^ -§-»fli4 «5.*flS}- i£SHr4i -§-tfl°fl vflSJ^ol ^ sm. 

^r*H# -Y-7f «£<H^ JieJ*§ ^§r^7j) f^fl^r J£L€- ^313 ^tHMI -R-^ (unit)ofl ^-^al(ri 

gid)*rJI °J^1^J5lS. ^1 (bulky) .51^5:1- ^H^S. Tg7 r o r ^r ^.^^ Jl^*} 0 !^ jl^o])a^ 
aV^o.^. 01 tV #£^1 34-0], ^7flo]^(^ -conjugation) <*lt!: 7M#*J <g*?°M3 #^ 7r & 

-8-71^^ «««« ^«fl^ A r -§-3: ^7} ^7 r ^°l ^ Jie}^ ^r^I^l^l 

7\*\5L <&<>.*\ &7]**±5. j*.^ ^HJ-§- ^cf(J. Appl. Polym. Sci. Vol 80, p2328, 2001). 



^ uZ^^KE^t *^-^g#, ^ TgS* 



* ^7iaj ^na, h^jl ^ t g 5. ^ 



0-^4:5. ol^f-o^ #el^<H] ^1^711- £<y^ 5}^^ #el3) ^^^V - o^^ o_^«J- wj- 

%°fl3) ^-0.5. ^"§-^7] nfl^-ofl ^ ^7]^ #el*H ^<y^ ^ 41^ <4H^ £ 

fe^fl ol -f- rflJf-g^ ^u])§^ ^ 7 ] # ^r^^]# ^ ol^-^ 

€-^^ :<:> l 10,000 d l^o)q-( Risse et a | # Macromolecules, 1996, Vol. 29, 2755-2763; Risse et al., Makrom 
oJ. Chem. 1992, Vol. 193. 2915-2927; Sen et al. r Organometallics 2001, Vol 20, 2802-2812, Goodall et al., 
^15,705,503^). 



"^1 ^^^.^ vi)7}Ej w. ^^^(negative birefringence) # Jie^ ^-efl^Tj f^^# 2E«"*>^ 
£ ^3 ^-^^r aie]^ ^efl^oj £<a^fe 3h-8-7lSl « 2:^o] ^ ^*Jf-.g- 
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7 r Ej w. (negative birefringence)!- Utr JieJ^ -fr^HM ^* v *fll- SL^sr^r ^ !L<# <*j^ 

3-*} # *l# *l|**rfe- 3# ^^r. 



-plate) *1»<H8 

£ ^ o. saIs)^ ejEHHAj #(r ^ )^ 30 vfl^l 1000 nm<>]JL, 4* ^ 

a^o^ ^ *HMH£] 4Wr*)^r (R /R 550 H 1 1 05 *lJL, (R 650 /R 550 H 0.95 vfl*] 1 <y 

^) R 450 * ^ 450 nm<HM1^ &oj j/., R 55Q ^ 550 nm ojAi$) o|aj^ #o]v] t R ^ ^ 650 

(*rn*\ 1) 

R th = A(n y - n z ) x d 

n y ^ 550 nm<>W ^s)t7 ^vflsq jl^ ^(fast axis)£) ^^lol, 
n 2 ^ 550 nm1H -=M| *8-*3 #**l-o) jf, 

d^r ^^m. 

j&el^ ^7} ^*Hr ^3 ^L-M^l (liquid crystal display)^- *^ o]«H) ^] 

^ JLiM*a ^fl^ #^-^11- vi]7>El « C-#31°m o] ^#oj ^^tg-tgofl S(oH # 

b) ^7] iii^M -V-7f -g-*H*r^ ViL^Tfl ^-7 r -g^-fr 

c) A J7) i^HdWI ^-7} 7|^ ^oj s *g # £ ^ tH^^jl n±*% (casting) ^ 
1- %n ^^j-^-g- *fl^r4. 

SE«: ^ jiel^ -£*mX) ^ SL^ntr ^)7}£\* C-#e*M j= (negative C-plate) « *1«<H3 

^- ^-^^ M]7>^^L C^#efl^)H(negative C-plate)^^ ^^-^ ^ ^-^) ii^.^^] ^^fl 

& ^7f^ U«r*}o) jiej^ ^Efl^<a ^(conformational unit)<^l ^ - <y^ tt $ & ^ 

*fl(rotational state)!: 7H°5. ^-^^(rigid) ^(phenyl ring)l- ^ °}*]^# ^] <a^^ «1)^ : ( 

extended conformation)^ ^t^^M^S] ^>)^-g- 7>^ ^ Si^L^l, St?: «H ^(extended conform 

ation)# ^ hL^n al^^ofl ^7l# *9 ^r(compact) «fl ^(conformation) # ^51 JL^7}^J 

^7]£) S^J^^. ^>^(intermolecular)2l ^3L^* (interact! on) *1 ^7}^t\] sjt^ f 0}-^ ^ 
^i(packing)<i ^^(directional order)^- #J\\ ^ ^7]^ 0^. o)tg->y^ c ^ 7^)t1| ^-§- 
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£]o| £ ^tg^. ^^7l| 5]$^. 

2r 1^2] In^^Tfl ^-7} ^§ "J^S. ^2:5]^ 3L^ ^7] 1 3^ ^ ^ 

*\&^ f^«r<H 3:2. SE^r nf§ 2 ^ ©l^* j=l 7> ^^oj 

(S*^ 1) 




A J-7] 3}*^ 12] A 1 ^, 
rrv&OMl*] 42] ^©laL, 

1 MM 202} S£r 7^1 <H;^, ti]^; i£5Hr4^ ^]^5]^uf *1«:SM 5 

vfl^j 12^ ^]m^^; ^n^z. *m sitm xi^sm #o_ 6 ^ 4051 c >^ ; ^^sj^m- ^ 

^r^M 7 MM 152] ©rtt^aralkyl); ^4:^ 3 MM 202] ^^(alkynyl); <£^r 

1 MM 205] SE^. 7M ^ ^.^(haloalkyl), ^^>d (haloalkenyl). SE^r ^«l^(halovinyl); 
^^xiS. *!«■£] 71*+ *]*SM ^4i^r 5 MM 122] ^A]#^<im(halocycloalkyl); ^3^4:3. *l«£)7)i4 
*1 33^*1 ^±*t 6 MM 402] ^©r€(hatoaryl); «-SK^3. *1«;5MM- *1^M 7 MM 152] 

^^tt^(haloaralkyl); ^-i^ 3 MM 202] ^^^(haloalkynyl); ^ 3]<H£. *m o|Aj.o] aj^ ^ o} # jg. 
^e]^, 5i^r^- ^l^SHr^ ^7)(non-hydrocarbonaceous polar group) ^. ^l^^^l *J 

^S]^r a**7l*laL, 

^-7) R 1 , R 2 p R 3 , ^ R 4 ^ ^iL^, 5£^r ^ ^*7]7f ©VM R ! ^ R 2 ■ ^ R 3 °+ R 4 7 > °i 

^s]<h 1 mm 102] ^^e]^] n-i-i- <a^§ ^ yji, r 2 7}r 3 sr 4 fsi^h *m-2r «a 

^£]<H ^4i^r 4 MM 122] -1-3L3J- 5E^r 6 MM 242] JLe]Sr«-^i- ^§ ^ 

^7] 5}-^ 12] tJ]^3K^ ^7|(non-hydrocarbonaceous polar group)^ *M <$£-7]^&\ <d^^ ^ Sl^-^, 

-C(0)OR 6 . -R 5 C(0)OR 6 f -OR 6 , -0C(O)OR 6 ,-R 5 OC(0)OR 6 , -C(0)R 6 . -R 5 C(0)R 6 . -OC(0)R 
6 , -R 5 OC(0)R 6 , -(R 5 0) p -OR 6 . -(OR 5 ) p -OR 6 . -C(0)-0-C(0)R 6 . -R 5 C(0)-0-C(0)R 6 , -SR 
6 . -R 5 SR 6 , -SSR 6 , -R 5 SSR 6 , -S(=0)R 6 . -R 5 S(=0)R 6 . -R 5 C(=S)R 6 , -R 5 C(=S)SR 6 . -R 5 
SO 3 R 6 , -SO 3 R 6 , -R 5 N=C=S, -NCO, R 5 -NCO, -CN, -R 5 CN, -NNC(=S)R 6 , -R 5 NNC(=S)R 6 f - 

-~C(0)n( 9 -R,C(0)n( ° "Si~ R 7 -^Sl-R, ~S(^OR 7 -^Si^-OR, 

N0 2 ,-R 5 N0 2 , R ', * , ** , OR * , , 



Re 



-wC? "R50C(0)n( ^Re ~R*?S 

NR ? XR 7 N R. O O 



-R 6 0§R, -ojoR, -Ri0.j0H _ B /^ — RjB^^ 0 -B<°^ - R,B< 

0 0 o N R? X R 7 n or 7 ^ \or^ 
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R e O R, O R, O O — C~ 

-A-C-R 7 -R^-fc-R, -l!|-C-GR 7 -RjJ-C-OR, F% * 7 
» # # i f 

A /R» 

-f^C-C, 0 0I? .0 OR, OR, 

t * * t $ 

.OR, .OR, §/ OR 5 ^\ y OR 9 a/ORj ^/ORe 

-op; -RjOp; -PC - p-p; -op; -op; 

J** OR. Re OR, 

-O-F^- Sl-R 7 - O -OR,, -Rg-O -R 6 -Sf / -R 7 -R,- O -R^-Sl-OR, 

\ \ \ \ 

R« QR, R, OR, 

O *t> O OR, o 

-C- O -R(,-S(^-R 7 -C-O -R^S^-OR, -R5-C-O -R,-sQ-R 7 

R« OR, Re 

r f / 

O OR, R, OR, 

-Rtf^C-Q-R^-Si^-OR, - 0-R5-O -R5-S^R 7 -O-Rj-O -Rs-SI^ORy 

OR, R, OR, 

t t r 

8 A /* 

- O-R5-C- O -Rg-Sr- R 7 - O-Ra-C-O — R^— Si— OR, 

R* OR, 
» » 

O ft* O OR, 

- R,- O- R5 -C- 0 1 - R,- Si - R 7 - R,- O- R, -C-O - R,- SI— OR 7 

R, OR, 

R e OR, R, 

-Rj- O- Rs-O-Re- Sf^- R 7 -R^-O-Rg-O -R4- Si^- OR 7 — R,— NH~ R,~ Sh- R 7 

R, OR, R, 

°R« O Ro O OR, 

-Rg-NH-Rj-Sf^-ORy ^R 5 - C -NH-R a ;-SQ-R 7 -R 5 -C-NH~FV-Si'--OR 7 

OR, R, OR, 

t F * 

O cpRo R. Ri O OR, ^ ORe 

-C-0-CH 2 — CH — CHj — N -Rj- SP- R 7 -C-O - CH 2 — CH — CH 2 — N-R,- SQ- OR 7 

Rs ORg 

O (pR, R. R, O OR, R, /*• 

- Rj-C- 0-CH 2 - CH — CHj — N R,— Sh— R7 - R,-C- O-CHf- CH — CH 2 — N-Rj- sQ- OR, 

R* OR, 
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- Rj-NHj-R^N - R^-si'-R? - Rj-NHj-R,- N -R^Sf^-OR, 

R 8 ^ ORg 

^-71 ^1 ^3]-^^. ^7l(non-hydrocart>onaceous polar group) 2] AA^ R 5 fe- ^4i"r 1 203 7> 

12^ SEfe- 1^*1 #5-^; «3K*4i£ *1€5^\4 ^ 6 vfl*] 40^ ^ SEfe 

<U:2H^5. SE^r ^-fc* 7 MM 153 ^^(aralkyl) SEb ^3.*V£3Q.; ^-dfc^ 3 20 

5) «£7]^(alkynyl) S3.«t7l^°IuL. 

R 6 , R 7 , ^ R 8 4^, *th±^r 1 MM 203 ^ SEfe 7**1 ^ ^zJ. $*H^. ^3. 

4 M)*l 122] ^fe- §5.Al#^ov^ ; *l«r3*l 2i£r &±.^ 6 MM 40S| o}^_ 

SEb §^oV^, of^^-A), «£oV«^Al; «3K*^£ ^ *l«rSM 7 MM 15BJ <>V^ti (aralkyl) 

^& «S.o r S«; 3 MM 203} <£7l<£(a!kynyl) SEfe tt3.«7l1d<>H, 

p^r 1 MM 103 ^©lch 

^3 ^ti\07ll i«HMfl^ ^-71 51-^ 22f ^ ^SL\3( «r°M#^[2.2J]^M-2-^(bicyclo[2. 

2.1]hept-2-ene)) ^fl* £^*rb 5tt*+. 

2) 

£ ^^21 M17VEJW C-#^M ^.(negative C-plate)*i3 ^ oi^ ^f-^ ^©J ^jsL\S3] ^7} f^*flb 
Al^oJ nfeM cfoj^ j, ej^ ^^|^^) f^sflt- xil^H a} -g-^- ^ ^cf. *fl2;S]£r ^ f^*fl*J ^^Rr 

^1-8-71-1- ^-fr^fe- ^JiMTtl ^2. ^^^1, ^5. ^l-g-711- ^-fi-^ ^^l#2] ^ 

M B ^ ^-*7l# ^--R-^fe iiiivM ^^2} 312. ^«"^l f A) a cf^- ^ ^-fr^fe i^^L^dlTfl 

#51 ^^^|, £^ ^-fr^^ ^^->dl^ ^-^ ^-§-7)1- §-fr^b ^^-Vfl^l ^Afl2] 

S-^l-ol ^ ^ y^-. ^1 €r^°l 10.000 ^711- Sal Si^ ^\S^] «-fr^ 

-§-7] £^ 4-8-7)31 ^SJ- oj:^. w}^^ ^ o]^^. 2:^^- ^ <g^^ *el^ ^o] 7}^\^ o)$ 

0 ^21 ^^1^ «>ofl>H ^7} ^ol u].^.^^ 

u>^aj^7flfe 10 «o]^ ^^H^^r, 15^ £V-«Kr «^ « ^ Sife ^l^-fi* 

^7HS"^ 7>^l ^7l SJ-^SJ 2:^^ « A J-7l ^ol^ofl ^f^l ^ SZ^ ^l^^ ^ 5Ufe 13^ 

3L^*rfe 5:^Tfl 3L^-*Hr ^ *]±l*$S>\ ^7] 3J-*v^ 1SJ ^^_vQ^l ^^^ll- 

i) 10^21 ^^1^ 

ii) ^ q-£7f ^<H£ 160 " °J ^^31 15^ ^aV^tJ el^VHl- ^-fr^ « 
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^ ^-8-7l# 3L^*r^ ilJi\37l] ^ A l^ ^SRr ^Tfll- ofl^Efl^l ifc^ of^«7lS) 

^9 ^--8-711- S#*Hr uie|<3 ^3)«7i) *fl2:SHr ^o) *H*3|^t}. ^ *J--§-7lf- 3L«*Hf 

3) 

M(R)(R) 
(S}.^ 4 ) 



R-M hA— R 

R' 



A J-7| 3H*M 3, 33 3^*? 431 ^oflAi, 
M^- 10^r ^<>lJI, 

R, 3i R^r ^ ttfl^^^r SItt (weakly coordinating anionH ^Tfl <S<H*i $i*r #<>1£- 

el ^ ^(leaving group) °-^>H. ^^IHS^J, ^3-®. ^ *IMm(nitrate), <>M1 3) <>m (acetate), ^el**iM 
^(trifluoromethanesulfonate), «1 ^:J^ el -S i f-JLS.°fl ^li^l n lH(bistrif luoromethanesulfonimide), S.^ 31 e f 
7 r ^H)*fl°m, 6M^o>A||£iflole f ^Htflolie, ^nlvflol^, J^W^, SbF 6 ~ ^ElStfloJ E( antirn 

onate), AsF 6 - SJ- ^iflo]jE (arsenate), PF 6 - £tt PO 4 - Sj- S^r 5.^^|^)S(phosphate), CIO 4 " ^ 
^#5.^)<>l^(perchlorate), (R) 2 N ^ ft* or*r<>lH (amide), ^ (R) 2 P 4 ^ 5E^s).olH(phosprtide)S. 

*H ^"71 -§-<>l£-£- ^ojHefO]H, 1 203 7H ^ ^<£*J, 

«\3.«*|^l f wlM SE^r t£»]^; ^Sf^S. *l*:Sl*1 ^db:^ 5 M)*l 123 *lt"3.1t*l £^ ^ 

*]#5.% V *I; ^SK^S. ^)«S)a1 ^ 6 M]*l 403 SE.^ ^3.*}^; *l|*iS. €*r# 

^ 6 Ml a] 402} o>^ SE^ ^o>€; ^r^^di^. x)^^ £^ ^-g- 7 vfl^l 15s] ^^(aral 

kyl) ^<>f*S; ^ 3 vfl^l 20^ <&7l ^(alkynyl) ^^7]^^ ol^-cH^l -g-o)£_^ o^Jf ^ a}^ 

A J-7) oM^lEt} o>>m^o]-^^M|o]H ^-^1^^. z|z}- [RC(0)0] - BE^ [R C(0)CHC(0)R ] - *f ^ <J ^^ v ^r 

^7] R , R $R ^ zl-zf ^5.33. 1 Ml^] 20^1 SE^- 7W ^-5.^711 

^, t^)^; ^l^r€ SE^r ^l«r^^l ^ 5 MM 1251 ^^^^^ SE^ 

^; ^^iS ^1^^] <&£r 6 Ml^) 4021 *\*H ^-^>^; 3!^-<5Rr ^-4i^r 

6 M)^l 40S] o}^ ^ S5.of^; 2E*f ^1^5] a] 7 15^] ^h^^(aralkyl) 

^of^-S; Stt 3 vfl^J 20^] ^7l^(alkynyl) £^ ^^^^ojcf. 

A J-7] ii)S] ^ 4£7f 160 * °d 15^ ^9^7fl ^^Hl- ^^fe ^-7] 5^ 

5) 

P(R 5 ) 3-c [X(R 5 ) d ] c 
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ctt O MM 33 ^o)nj ; X7\ *i±^ ^M^S dfe- -\°]SL, X7} ^e)^o]^ d^r 3°)JL, X7\ d~ 2°M; 

C7> 3°lal. X7> ^^o]tg «=L 7 fl gc^ A]) 7fl3 R 5 ^ ^4:3 ^5. ^3^ ZL#^- ^ *h ^ $ial; C7f 0 °l 

^^7|)2}R * *r >^ <£^3<H i^^A>o)§(p hoS p hacyc |e)^- ^ ^J7; 

R 5 e44 1 MI*1 203 ^ 7}X\ ^ <g^A], <g^, <g?l}^l, 2E^r 

« 5E£r *]3:3*] 5 Ml*] 12 3 a]#5.<£*I; ^^4:5. Sfe- *]£3*1 6 M]*l 403 

*rl; &n*r±3. *];&€ SEfe *1^:3*1 &±*r 7 Ml*) 153 <>H^(aralkyl); 5E£- 3 Ml*] 203 <g-7l\|( 

alkynyl); S3(^t 1 M)*) 103 ^ BEfe 7}*} ^ <&*J)ilfJ, ^3(^4:^ 1 M)*l 103 7^J ^ 

-^(^SH^S. *13r^ 5£*r *1«:3*1 5 M]*l 122] a)©^*))^; t^sK^s. 

€ SEfe- *1«:3*] ^ 6 M]*l 403 <>>^)^^ ; e e)(^-5}^4i^. ^ *]?-3*l 6 M)*l 4 

03 °Hi^l)*JlJ; ^3(^4^ 1 Ml*] 103 £^ 7}x| ^ S^r *)§3 

*] ^ 5 Ml*] 123 SE^r H3(<a-*Hr4i5. *1€€ £tt *1$*3*1 6 M]*] 40 
3 °1 wfl z*3"3 *1 &7] fe- 7}*] ^ ^<£*J, 5E*r *]«r^ ^ 21°.*]; 

(53-^ 6) 

(R 5) 2 P-(R *)-P(R 5) 2 

A <M 3}-^ 63 ^°1M, 

R 6 ^ «-4i*r 1 Ml*l 53 ^ SE^r ^ 3E£r w]^; i&3**r4i£. *1«:€ SE^r *m3*l 

t 5 Ml^l 123 Al#^<^^ ; i£3H^h5. ^ ^ 6 203 SE^r ^]«: 

« £ ^ ^l«r3^1 7 tfl^l 153 ^^(aralkyl)om-. 

A o^l iii)3 A J-7l i )3 ^^1^^ 3=^-^1 wfl^* ^ Si^ ^ Sl^ <g^r ^71 75. ^a] 

7) 

[Cat] a [Anion] b 

^ -51^3^ ^l^rol^, °1 °<M£:Ofl^ ^7] ii)3 ^^3 15^ ^^^1 5X± 

"I: 

Anions ^71 2}-^ 3^.5. ^13^ 3j-^-&3 ^ M*fl ^Tfl ^ 51^ -g-cl^ol^, ^.^o]^ ^^o]Lflo) 

^. SbF 6 - , PF 6 " , AIF 3 O 3 SCF 3 * , SbF s SO 3 F - , AsF 6 " , ^#^5<>V^)^o]M(perfluoroacetate 
; CF 3 CO 2 " )' ^#^^H5.5q^^1om(perfIuoropropionate; C 2 F 5 CO 2 " ), ^\^^±^^]^]^(perf\ 
uorobutyrate; CF 3 CF 2 CF 2 CO 2 " )» 5.^1^1^ (perch I orate; CIO 4 " ), ^-2f-^^-«a^5Eifl 0 l^(p-tolue 
nesulfonate; p-CH 3 C 6 H 4 S0 3 ~), SO 3 CF 3 - , ^3-3-^^, « tS.fl ±3- *m3?W ^1^:3^1 ^> 
o]^*! ^^-¥-3 ^!^3^ 

a^fbr zj-zj- 0 cf°l^^)- -§-°1^3 7fl^l- o}^-°- anion^l ^71^^.5. ^<^1 3^7 

^71 73 ^ol** [NH(R 7 ) 3 ] * ( [N(R 7 ) 4 ] * *a [PH(R ? ) 3 ] * 

. 5E*r [P(R 7 ) 4 1 + 5E^i^; [C(R f ) 3 ] - °1 f}^; [Si(R 7 ) 3 ] - ^ ^3#^5- ^; [Ag] - , 

[Cp2Fe] * 5E^ [H(OEt 2 ) 2 ] ♦ -9.5.^-3 ^d^}3^ 55<>l«r^«r^. ^^cflAi. ^ 7 J ^3 R 7 ^ 1 Ml 

*1 203 SE^r 7f^l ^-^d §^^10.5. SE^ ^1^:3^1 ^ 

^4:^ 5 MJ^l 123 ^ltl°W; ^It^tS ^ ^ ^)#^^; £^ ^1© 
3^1 ^-c- 6M|^ 403 ^5.^1^.^. *1St€ SE^- °>^; ^l^^i £^ ^1^:3^1 
^r^^r 7 MI^I 153 ^^^(aralkyl); ^^1^.5. ^1^^ ^>t^ ^#^^>1^. 
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(5^*1 8) 

[M(R »)(R 9)(R 10)(R n )] 
[M(OR 12 )(0R "MOR 14)( 0 R 15)] 

8, % 93 ^*im, 

R 8 , R 9 f R 10 f R 11 t R 12 t R 13 , R 14 , ^ R 15 ^ ^S.^) O.^. ^Sl^uf *|3;S]Al 

1 20^ ^ S£r 7W ^ ££r Sife- 5 Lfl*] 1 

2^ i&3Hr4i5. SEfe a]^£]*1 i&di^ 6 405) ^s^diS. SEfe- ^sq^l 

7 vfl*] 155) <>>%^(aralkyl); 3 203 ^(alkynyl); 3 203 3i^r 7 r Al 

^ Mej<g;^-3^l; Sfe- 18 vfl*l 483 -3*9 Sixr 7}x] ^ S 3^1*^*1 *l*=h 

o] ^u]) A]^^ o. hJ^J-c^ J£<y*r<H <S£ ^l^^^l^l <H)^3js 7 )i4 ^M^7lofl <*]^- ^ojj ^ jjj^- 

54^ JI%^3 #*fl ^1^*3 ofl^Efls 7 )u|- o>>m^7l5J ^711- i^-SKr JL^ ^efl^Tfl -*f-7)- ^ 

^3 i-il7fElti C-*efl °] ^(negative C-plate)^3 °1" 0 M3 ^l)^^: «fl *r-§-3^- JLeJ<§ -§-ej]^7fl Jf 

7}- 7>A]:g-Aj ^^JM ^Itt g-^oi $_Ouj, u]^^ u^o. ^ *^-§r-§- $L°}JL, ^ 3V^ 7l 7 | 

£°J3£r 3 + ^-8-7)^} **H§ uflofl *1<5}o} ^ o. ^ ^ 0(0^ #^Bl^^ S ^(pvA) ^# f£^r 

Cr^ ^ ^*f43 ^^S. -f^t^-. 

^ ^3 ^ v °]*?Hd ^#£r ¥*fl ^^5. vfl 7 >B] jb ^#^#(negative birefringence)* ^7>a1^7) fl*JH ^7} 
1^1 iSUM ^*!MI)3 *j-§-7l^<HH <Hl^^s 7 )v| 6^^7|f £<y*Hr ^<^l a r ^^, ^l^<>ll£ 

o.^ ^R^ftl- ^7] ^^|Ai^ s$7] 1^1 m So] e JZ^^ *^^* 5.<a^i4, ^ ^-8-7151 

^-^-i- t^^o^ ^oi^. R 1 .R 2> R3,R 4 $R $ 4 ^^»*r^ ^4:^1- 

^^H)^ 6 ^fl^l 24^) jl2]^tl- JI^^' #^m* £°J*M ^§ Si 

^ M17>e)« C-«^<>lH(negative C-pIate)^^ »^ W§ Ajig^ jt^^ #^^^1 Jf 7> 

^]el^r «]^^ ^ v *7l^ ^-8-^ ^^tB ^s. cf^ «]^>a ^-§-711- ^fl-^fe- ±2. 

vOtI) ^^=^#21 ^ *r*7l^ ^--8-^ ^.^L\a^l1 i£ tf€- ^ ^-§-711- Tjr-ft- 

^>dl7fl ^r^#5J Si^r ^-§-7)# ^-fr^ ^^.vS^l ^ ^-§-7l# ^ 

cl-^r »V^^«r7l1^ 3 vfl^l 12 7|)21 ^-4: 3Hr <fl^l = , 3 12 7jSj 5"^ ?fl 

3 Ml a) 12 ^r4i ^ ^r^^l^, 1 vfi*] 6 7l)2j ^ ^Sf^, ^ 5}^- 

911*. ^41^^.0, # ^ 7fl ojAj. St-^-i-S Af^ ^ y^T^ r §>i4 0)^0} &^7)$\. ^4l# ^ 
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H, t>fl^ °H^°lH f <>HI3MH. 5.^^ <>M*fl 0 lH, ojAn^ o}Afltflo)H, ^li^^ o]-^ eflo];e § ^ ^jig 
6 H^°m f 6 l 5tf-**1, ^L3l3r W^ife u>^3|^7fl 1 4 7fl£] «A r , t,}^*}^]^ &± 
31*}* wHMtV *S*S **>^ *S4i 0 l^ *fl<i3! t5.H} 6 l£^14. HL^ 3J-S"§-Sl 

-H^-x} 5 95 <§^%, w}^3}^t8^ 10 vfl^l 60 Jf-<y*Kn Aj.^ofl^ jsl^S} 

oj *j2:*Kf ^Jo] wf^-aj^-cf. ojufl .§-q»oj 100 tfl^] 20000 cps, tif^^Tfl^ 300 vflx) 10000 

C P S7> -§-*fl 78^<H| *Wa|*r*|. 7l^l^ol tfl^ r Ml^S, flS^S* TflAj^l ^*r°i 7V^]. <i# 

»<M*fl, *r*l*J °J^, Si^r tflsi ^ «7Wf ^7>S *r Sl^f. 

^]o|^(DMP), cHli ^iNM^(DEP), cj-f-'g Slrefl^l^.(DBP) r H^^ol e( DO p) # Hl^H^DP 

P), £fe c]ofl^^j^ S^^^l^(DEHP) ^1 Si*.**, ^ He^l^l 3L^*lM;e(TPP), S£r Hej 

i^fffloimrrcp) ^^>^^} n^l* *\^*]>\] ^-§-^W ^jo^ ^ 

ol« *\*}# ** ^ $1 °-JEL:sL ^(11 #^ 0.1. 20 «flHH A} 

%n ^i^fe- ^^-741 -fr^^B se^ ^>**>^- n>»^«w f 7i7fl^ ^ s 

MItMI* ^^^i Af-g.^ 501 «>#aj^-cf. 

^1^-741 cfl^ ^-E}-cfl^.3-(4-^H^-A)_3,5-cl_E^^_^- ± o| e (Octadecy I - 

3-(4-hydroxy-3,5-di-tert-butylphenyl) propionate; Ciba-Geigy a|- ^3: Irganox 1076), ^iS.Sf^l^E^^^-S 
-(3,5-^-E^e)^«-^^4^^1^^.Al5fl^) H^^^.vflol e Dfl^(Tetrabis[methylene-3-(3,5-di-tert-Butyl-4".hy 
droxyphenyO propionate] methane; Ciba-Geigy Irganox 1010), 1,3,5-MeJu||^-2,4,6-He|^:-(3 f 5- i: l 

-^^^-^*-4-*1H^*a1^^) i r 3,5-trimethyl-2.4,6-tris-(3 r 5~di-t-butyl-4-hydroxybenzyl) benzen; 

Ciba-GeigyA> ^2, Irganox 1330), H^^-(3.5-^-^>H^-^-4-*lH^A]^^)o]^< : >}Di( Tr js-(3,5-di-t 
-butyl-4-hydroxybenzyl) isoamine; Ciba-Geigy^> ^12: Irganox 3114) iX^. 

SE^- -»7] oKlTt) <iS- ^^-^.^^^(phenyl-a-naphtylamine), 5fl^ -^Ef.ufH^ 

^(PhenyU/9-naphtylamine). N,N -^5|)^-^el--^|^^lclo}^}( N ^ -Diphenyl-p-phenylenediamine), N, 
N -^-»9^-^»^[-54^-^^^ltqo].u|( NfN ^Di-^-naphtyl-p-phenylenediamine) Si^. 

^1^]^ 4^1- ^-^B^ltl i^o]M74| ^ ^4°lH7fl ^1-^ ^ AV-g-^ ^ 3X^. 

°1^741 ^-^^121 ofl^r ^^^(2,4-^-^>H^-^«^^)iE^^^n'ris(2,4-di-t-butylphenyl)phospite; 

Ciba-Geigy^]- ^flat Irgafos 168) Xl^^, ^r^l^]^ ^fe- ^^o|H(Dilauryl sulf 

ide). ^2r^S H^^.iui]o]M(DHauryl thiodipropionate), ^^Hi ^_$.tqiK^.B]^.i.i1^^(Distearyl thio 

dipropionate), H^^^l3:^^.ol.^(Mercaptobenzothioazole), ^)H^o||^Hj^e}-oi Aj3ij.olH(Tetramethylthiur 
ain disulfide) sX^. 

ov^^i^ ^2:^^741, *e]-a*ML ^ A|-g.^ ^6] »>^a|^ f ^|5:^|fe741 ^Aj 

^^^1^ 2-^lH^-Al-4-^^-Al^l2 : 5(|^.(2-Hydroxy-4-otoxybenzophenone), £^ 2,2 -tq*]H^-Al ^ 4f4 _ 
cJt%Js.a] «fl^Bfl^(2,2 -Dihydroxy-4,4 -dioctoxy benzophenone) ^-2.^, -^^^^Tl] ^>2J^i ^V^^lS] ^]^- 
3^ef-^^ #5l^Bfl<>l^(p-Octyl phenyl salicylate) Sl^.^, ^12: S^^Tfl 2 -(2 - 

*| H^-a]_ 5 -dJ|^3(|^) »?2i5]]^(2-(2 -Hydroxy-5 -methylphenyl) benzophenone) XI ^. 

a ^, #eJ^A| oH^^l ^Eflof^ o}*] f ^ #EJ^-AJ ofl^^l o}*} ^O] 

^°}^ cfl^^l^I^ ofl^^l s <g = # ^ ^aj. <g« # o>n)H <£^-, BE^ <y^r ^^efl e 
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°|^°fl£ 3^-§-# « =r °J&^7ll^*l*a. £49-238283: <M| 7«a|^ jig.*} 3|-«-§- 

, U^^H^S^Ji =£55-7343:. ^€-^711^*1 -^a. £59-147353.. ^^-^fl^^Ji £57-1 81 753: °1) ^*]& 
31 el ^ofl fiHe]7)% 5i-fe °V»1.2.id «g <>J^*7H^*1^*i £53-1 32233. °fl 71M3 <£o|£.Aj S^f-^ 

, a-&^7fl^-si^a. J§5-23016lSL°fl 7H7-|^ a^SM ^f^sj §-o| tfl^ « 0 ^l>HS. Wd. ^ SJt}. 

£ jiz]*} -i-efl^Tfl ^7 r f^*8 -§-"*!-§- ^Efls. <a°m 5-3 £fe -S-e1# #ofl ^a,^ £fe a ^ 

sJ-Jl -8-Wil- 2£*H»1 JgS A)E.g. oJ-§- ^ ^1+. -g-Dfl ££ 7,V-§-5t.fe -§-u(|3 ^^-ofl ^ A}g}^- ^ 

$m. 3 "3 5* -8-3 ^Tflfe- X3£-£7t ^ 0 j^ 7 |. # cf. ^S-*] ?da^ * 

Slfe ^lmfe 5^ Efe- -8-eI 7l?}lS.^-Ej tq-^^cf. 

(R th )<>) 30 *fl*l 1000 rm-§- ^Srfe- W$ -f-'S if 4 l4: 
(<r^*l 1) 

R m = A (riy - n 2 ) x d 

n y fe- 4# 550 nm°lH ^83*7 ^Ml^ JL^r ^(fast axis) 3 

n z fe- 4^ 550 nm»M ^^5)^- ^(z-axis)^ #^f-°)ul, 

s-Sl 30 vfl^l 200 mS. *VSl-i- *4| R u, &°] 30 MM 1000 nm. H^3|*>7flfe- ^# ^» 50 

120 wnS. «41 R u, tk°] 50 600 nmS) 7>^ ^ Slcf. ^g-§-£- -f^r^M 400 ^1^1 800 n 

moll^Sl ^ ^^£7f 90 % -a^ti ^^<H1^^ ^ J**«fl^£l ^ A ^*> ») 51: (R 450 /R 550 )4 (R 65 o « 

550 )^ 105 0.95 «53(nat)^ ^ ^-U M-Ej-\5^. ^7) R 4S0 ^ 4^ 450 nm^'Hsl ^ 

at'-lal. R £ ^ 550 nm<H)Al21 ?|^> 5i°M. R 650 * 4^ 650 nm<>1W<>) 5t<>lcf. «1e^ 

(flat)^ 4^ ^ ^-y^: ^^.ofl «tef^ f-^*fl°H 3-8-7121 J£<y^.S. ^^7> 7>^«l-cf. -a^flS. ¥ 4^ 

^^>a]^ (R 450 /R 550 ) 7M Ml^ 1.05. (R 650 /R 550)^-0.95 ^1^1 1-i" M-^^cf. 

^^el. S}« ^ei. ^ej, ^s), £ a> s^, sjels. <>1^-<H^! ^^.S-¥-e1 1 ^= -=>P<h -id 

7-i -ti^^ ^-Jl ^-§^3 ON/OFF^lSl &7) ^ He^ (contrast) # *r $X^, ON a 

OFF^"EB«a nfl °-^^^2l n x = 0 y< n z ^Tfl (n x ^ ^vflsj -^(slow axis)£j ^l-»lJl ( n y ^ 

JZ^f ^(fast axis)£? n z ^ ^*fl §^*)# ^*rfe ^ 

7fla°fl 1 
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°1 **7|o| 4-ol cflwl 0.01 §%£J Pd(acac) 2 ^ ^^fl cflw) 0.01 *%2l meM r o]#5.«J 

-gi^*!. ^ ^^85. CH 2 CI 2 °* "fl^l 0-02 ^°n^o>y ^^Ht7l>i^EH-^S.^I^)ji 

^<>IM(dimethylanilinium tetrak i ss (pentafl uoropheny I) borate) # ^^toI, 20 80 JS^*}^ 

5. ^e^l ^-SL-g-olM 65 TC^ 24 -S-^ Si3£*rO| ^JiL^d ^°J>h3|^(PMeN 

B) f^ v *at- ^a^. 

°] «-§-7lofl ^ifls. !-^<*!H ft*^H tflu) 0.01 1^%SJ Pd(acac) 2 4 tflti] 0.01 He^}o)^«) 

^5.^, ^ 2:^j|s.cH 2 CI 2°>^ tfl*M 0.02 ^"fll^r'de)^ ^Hs^l^Efl-i^^)^) 

^<>l^(d»methylanilinium tetrakiss(pentaf!uoropheny I) borate) # sKu, 20 80 IC^I Ja^^r^ 

3. 3)^«- **tf*B« JSL-& °1W 65 24 #2:^ ^j£^ ^j&l^av -^^ofl^Efls ^« 

*fl (PBeNB)l; ^«^r 

(}n^-V]l 7}-^^ ^-^<^^Efl ^V^^^O u]]^ofl^tfl^ (^^.Vl! 7}^^ "-^ofl^^e./^^. 

31 cflti] 1:1 ^ WIS. ^-fl*r5H4. 

°1 <MM«fl fr?-<a*fl ^r*] ^^fl ffl«] 0.01 Pd(acac) 2 ^ tflti] 0.01 B2W°1#3.3| 

S^iflS CH 2 CI 2 i VJ 0.02 cH^r^i^ tfli=2M^^#^3.^)SUfl 

°)^(dimethylanilinium tetrak iss(pentafl uoropheny I) borate) It -r-^ 20 80 TC<>1H jE**^*! * 

5. ^^^1 $^r& ^^^11- 65 tS. 24 ^ ^^<^ ^^.^1 ^^^^Efl e -i^il 

^ ^^^^ m^cfl^^s ^^^v^j (PBe-7-Me-3-NB)# 

^fl^Qfl 4 

id! ^^^^ ^€^^^1^=5/5)) 

Jl, Ir-f-SQ^: iflal 1:1 ^ ^^^^ 

°l ^^lofl ^ufls. f-f-<a^ ^r^^I cflwl o.01 #%<M Pd(acac) 2 ^- cj)Hl o.OI S^l a}o]^-5.^ 

ti^S, % ^^°HS. CH 2 CI 2 °5 ^-^ tflwl o.02 cl^l^^^^^ E^^]^(^Eftfil tf| 

iL^lolM(dimethylanilinium tetrakiss(pentaf1uoropheny I) borate) 1- ^-^^al, 20 ^1^2: -S-^ 80 JiLSV^^-H 

^efl e 5:5 ^^^-^1 (PBe-5-Me-5-NB) # ^Si^f 
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°j*rJi, ^a^i 4 wi in wis. ^*a^sa^. 

°1 #-§-7]ofl l-^-^ofl ^-<y ^i^I *a*$^ tflti) 0.01# % Pd(acac) 2 ^ ^IMI 0.01 MiM*}o] 

#5.^3^^, ^ 2:%*HS. CH 2 CI 2 i^J 0.02 S%3 tqpfl^o}^^^- ti|£i!}7|<*r«EHt¥- 

^LS.^l^)iL2fl d |^.(dimethylanilinium tetraki ss(pentaf1 uoropheny I) borate) # ^f-^^rjl, 20 80 r°IM 

&*\*\ *f^*»lt- ^^^W 65 24 ^*r<^ iciLid! ^H^^ "fl^^H. ^f- 

3:7 (PBe-3-Me-7-NB)t: 

^13:^1 6 

(^L\ti tHl^ofl^Bfl^-^-^ ii^L\Q (2nJ£*S ^^a} pfl^^fl ^A?-^ ^Ji^ = 7/3)) 

t>«§-7]ofl ^^^^ T>)|^^^]e ^ JfLig 7:3 # tij^. -f-°J^rJL, *f-<a# 

#^*« tin] 1:1 ^ aliiL ^y^-acr. 

°1 ^r-g-^H) ^r*H3. l-^ofl ±t<>1 ?m ^r^^l ^w] o.01 Pd(acac) 2 ^ ^ ^^l 0.01 mel 

>M-°l#^4i3E.^, ^ CH 2 CI 2 i n <cH£*fl cfl^J 0.02 ^^^^Hl^ 3)^2^1^ 

HH^^-^.S.^^Jit^^^Cdimethylanilinium tetrakiss(pentafluorophenyl)borate)l: ^J^Za, 20 90 X: 

It* 20 5zf^ ofl^-i-^ Jf<il*M -g^j oj ^ig-^ o^tf. ^^-^^ ^nfl7} 

7:3 (PBu-7-Me-3-NB)# 
7 

?H^^ ^^^^tfl^.-^^ iiSHd! (}n^>d! ^^^^> ^^iHl^/^ll = 5/5)) 

°1 ^7)ofl ^ifl 5. l-^<a<>9 ^91 tflu] 0.01 *%SJ Pd(acac) 2 ^ ^^^J ^fl 13 ! 0.01 

^>°l«S.«!^i^«. 31 Sl^S. CH 2 CI 2 1^°J ^ 0.02 ^oll^i^^el^- BflE^]^^^ 

#^^-S.^l^)^.eflolje(dimethylanilinium tetrakiss(pentafluoropheny I) borate)* ^^^tj*, 18 90 V 

id^-Vfl 5:5 ^f^^^l (PBu-5-Me-5-NB)# ^^tq- 

ai^ ft 

^^ofl^tfl e _« ^ x^^^) (hi^^l ^}^-^^^> ^m^l^Bfls/^-^ ^iivjl = 3/7) ) 

tl| HI 1:1 u]s ^<U^c}. 

d l *-g-7l^l #*I)S #^-^1^ ^^1 ^^^1 cfltij 0.01 Pd(acac) 2 ^ ^^1 ^**B ^"l 0.01 *%3 Mel 

^>°l#^«?^i^, ^ 3:%^^ CH 2 CI 2 °fl 0.02 1-%^ ^lil^^ tfle^^^^ 
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#^^.5.^ , d)iL«fl < >lS(dimethylanilinium tetrakiss (pentafluoropheny I) borate) # ^J^rJE, 20 >M# 90 t:<>8 

«* 20 ^ofl «>-g-^ ofl^ofl +44°) ^f^*i) ^J^l-i: ^S^h °1 +3 ^nj) 7 ] 

5. 65 t£ 24 ^Ji\S ?H^^Jr ^^ofl^Efl s / ^ig 

)nJ£\fi 3:7 ^f^^(PBu-3-Me-7-NB)* ^Si^r 

*ti3:41 9 

(-f-U hiJiHd! ^#) 

°] 4)^3! #^er<>lHofl ^91 tfla] 0.025 M *9 (41 U ^^ric^l °1 H)(Ni(Ethylhexanoa 

te)), ^ i^ D H^- l-^-<a^ tfl«] 0.225 -g-%21 M^^(^Ej-^^^5l|^)^^(Tris(pentafluorophenyl) 

Borone)^ tfl*l 0.25 He] 4]li^^]^(txi-ethylaluminum)# *«a*rjl # 20 ^1^: %-9i i2. 

20 Jfcfl ^V-g-^-i; ^-olH^l^^-^o] ^ oj^ uflif^ #5.e}°fH *^-ir tH^Kh 18 
4%=^ 4|€:*4I €*J3 *!!••§: ^ft^r. *) ^^-i"^: -fre! t«|7)5. ^e]^) 

«*.SL*4H 80 ICS. 24 >M*> ^HiiJlVfl ^*fl(PBuNB)l- ^S^r. 

*fl^41 10 

^S-^^-^l / MJ£\3 = 8/2)) 

<>1 **7H ^,3. #^-^ofl ^r«3 tfla] 0.025 M^H^^Al-M^I^MJtNKEthylhexanoate)). ^ 

S^HIS. *^«<H| ^f*l ^Afl cflu] 0.225 -fr%£J m^^(^lEH-^-iL5.^|^)^.^.(Tris(pentafluorophenyl)Bo 
rone)4 ^ tfltfl 0.25 HeHll1t^°l^(tri-ethylaluminum)£ ^-<H*rJI, 20 

«Jr-g- 20 ^4) ^o)H^Al^^-^o) ^} ojL±~ ufl^^l #^ojH ~§-*J}^§- ^-^^Jl 12 ^ 

«: 4^3 4|^*4| ^.og^ s ^oj ^3^. <=>1 ^«fl7l3. ^e^i 

^"^1- ^^^.&4|>H 80 24 ^ ^^*}<H 8:2 ^^ v *fl (POc-8-NB-2)» 

^13:^ 11 

«-§-7H ^^=^15. cfl>g i:^.id!4 2nJi\M; 7:3 ^ ^^^-Jl, *&AQ *L*H tfl»l 1:1 

**7H *^-^14I «»| ^r^^l tflul 0.025 *%^| M€(4|^«!A>^ollolH)(Ni(Ethylhexanoate)) r ^ 

^"¥-^41 ^<d cflwl 0.225 Hel^(^lHl-#-f-^.^5]l^)ji^.(Tr!s(pentafluorophenyl)Bo 

rone)2)- 0.25 ^%3J H^4)^«y-^-^^(tri-ethylaluminum)# ^ °J«rJl. 17 ^}^> ^4)^1 

17 >M*}: ^41 ^1-^ ^o] H ^.a)^^-^o) ^ ^o} Pil^^l -g-^-i: ^-°J^}JI 12 a)^> J2.^V 

^1^^-41^ 80 TCS. 24 *<yr cfl^^^^/ii^.^! 7:3 ^f^ v *Q (PDe-7-NB-3)-§- ^Si^. 
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o] «r-§-7l*fl *?x%3_ -fif *?H cflal 0.02 §%3 M^SH^^^oflol^fNifEthylhexanoate)), ^ ^ 

°H5. °fl ^ ^r^^l 0.18 ^^>.(^B^#^5.sfl^)^.^(Tns(pentanuorophenyl)Borone)^ <2 

cfltfl 0.2 M^ofl^^al^-(tri-ethylaluminum)# -f^rul, 18 a]*} jz«><5}^*) *}-§-a1 

^.fc^H 70 TC^ 24 Al^V -f-oV ^2:^<H He] °fl^-A] ^Jivfl <?^*fl(PTesNB)# ^St^. 
13 

<=>] *&-§-7lofl ^^<&*t ^*fl 13)*) 0.03 -§r%3 Pd(acac) 2 *r tfl«l 0.03 S^a}o]^^.«5 

^S.^, 31 5;%cfl^ CH 2 CI 2 °fl ^r<& «»*0 cflwl 0.06 -§-%3 cjufl^joj-^e]-^ s}7l>:«E}#^SLS.*| 1 d).SL 
^1^1 ^ (dimethylanilinium tetrakiss(pentafluoropheny I) borate) # ^^Sri, 17 a]# 80 "C°fH J2.^>^-^a^ 
*h§-Al=acf. 

«r~§- 17 Al^V ^05 AV 7 i ^-g-^ 34^0] ofl^ofl JM)«M «^2J ^53^. <>l ^3!!-§r *3 ^' 

nfl7l^ ^Je^ ^!^*<H|Ai 80 £5. 24 a]# -g-oV ^JivS <>HN 0 lM ^Afl(PAcNB) 

ofl 100 r ^a] ^ a];# ^i^VS^r. #2: ^ -10 r<HH 10 2:^> Ji^tb * ^l^(knife)^ -R-e] ^ 
^"^^^ ¥^1 ^^>7> 2 % *1^<y ^ti^: ^1-* ^a^. ^ ^4 400 tfl^l 800 





^# *^ 2:^3 




Sew***) 






■r-^HI Own) 




^Al«fl 1 


^12:^ 1^1 1-^^ 
PMeNB 100 




THF 560 


114 


92 


^Al^| 2 


^|3:<m 2^1 
PBeNB 100 




MC 360, ^ 
TOLUENE 200 


120 


92 


^a)<H| 3 


PBe-7-Me-3-NB 100 




TOLUENE 560 


103 


91 


^*H1 4 


PBe-7-Me-3-NB 100 


TPP 5 # ^ 
Irganox 1010 0.3 


MC 360, 3? 
TOLUENE 200 


105 


91 


^A|cfl 5 


42J f-e]t>) 
PBe-5-Me-5-NB 100 




TOLUENE 560 


110 


92 


^A]<m 6 


PBe-3-Me-7-NB 100 




TOLUENE 480 


97 


91 
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i / 


63) 

PBu-7-Me-3-NB 100 




TOLUENE 560 


98 


92 


^ Aloft ft 


73J 

PBu-5-Me-5-NB 100 




TOLUENE 560 


105 


92 


-il XI ofl Q 


PBu-3-Me-7-NB 100 




TOLUENE 730 

1 VI— V/ 1—1*1— / OU 


101 

i w i 


Q1 


>M a1 oil i o 


PBuNB 100 




TOI 1 1FNF 400 




91 


>J a1 oJl 11 


1031 §ej^ 

POC-7-NB-3 100 






ins 


Q1 




afi^ofl 1131 #e1tH 
PDe-8-NB-2 100 




TOLUENE 400 


107 


91 


13 


*fl2:<H) 1231 %^^\ 
PTesNB 100 




TOLUENE 350 


106 


92 


14 


1331 
PAcNB 100 




THF 500, S 
TOLUENE 300 


95 


91 



THF^ 3] e JL, MCtt ii«t^|£o)4. 

^(#*} ^ 7\A KOBRA-21 ADH)1- oI-S-^ ^M)31 Sj\*$%\ #(r e )•§• ^^JL, <aAV^-4 ^#^431 

2+^7F 50" ^««31 #(R * )€- %3*K31 f *7l 4^*1 3^ ^ ^ 3) x-axis3f3l ^ 

A cMV &(R ^53*}. 

R g x cos G f 
Rlh= sin* 

SEtt R e ^ R th «1-3J ^* M-^r<>1 (n x -n y )3J- f-*Kn y -n 2 )# ^53^. ^7] IL 2 

ofl ^31 ^#31 (n x -n y ),R * , Rth.(n y -n Jt ^^53^. 



T 1 * 




n (^^#) 


(n x -n v )x10 3 


R th (nm/jzm) 


(n Y -n z )x10 3 


-a ah 1 

31 


^12:^ 13J l-elH 

PMeNB 


1.52 


0.008 


5.78 


5.78 


AjAl^ 2 
31 


*fl2:<i 231 
PBeNB 


1.50 


0.009 


2.13 


2.13 


*j*hi 3 

31 ^# 


331 -^ElH 
PBe-7-Me-3-NB 


1.51 


0.012 


3.29 


3.29 


aJa]o|| 4 
31 ^# 


^1^^ 331 
PBe-7-Me-3-NB 


1.51 


0.014 


2.79 


2.79 
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5 

2] ^# 


^12:^ 421 1-S1H 
PBe-5-Me-5-NB 


1.51 


0.013 


3.59 


3 59 


■^Hl 6 
2) 


*fl^ofl 521 
PBe-3-Me-7-NB 


1 52 


0 020 


4 35 


4 35 


^jAloj] 7 
21 


*1]2:°S 621 #el^ 
PBu-7-Me-3-NB 


1 52 


0 015 


3 63 


3 63 




721 S-eM 

PBu-5-Me-5-NB 


1 51 


O 007 




o« so 


^a]<4 9 
21 ^1- 


afl^ofl 821 1-51^ 
PBu-3-Me-7-NB 


1 51 




4 25 


4 75 


*}*H1 10 

2l ^^§- 


921 #Sl^ 
PBuNB 


1 50 


O OOR 


1 44 


1 44 


11 

21 


102j #SltH 
POc-7-NB-3 


1 50 


\J.\J 1 o 


1 .£-0 




-s*i°a 12 

21 


1121 #Sl^ 

PDe-8-NB-2 


1 50 


0 019 


0 79 


0 79 


13 

21 


1221 §el^ 
PTesNB 


1.52 


0.008 


1.47 


1.47 


21 


1321 -§el*l 

PAcNB 


1.52 


0.015 


5.46 


5.46 



nee; n y > n Z H 2)^ 3} a}* m^tf. 
15-18 

#2: 2:£°1 R nl*)*r <g^fr « d >Ji7l *>7J S. 3<H1 71^)33 ^2: * R th 

1- ^^S^. &2l2l&£t H2l*\ SL&<»i 7}*b7} 10 mg/min2l ^°jsl£r ^8+. 31^* X]^ ^^rfc 

^Lelol *7l Zj-Zf 100 1C21 18 A]** ^Al^lfe ^oji}. l^x] ^2: 2:^* ^7l ^aH) 

3, ^ 52}- ^cf. r 1- ^*§& ^71 321 «5}£|. ^o] ^ ^ o. R m s <£°Xv}. 



3] 





^2lH 








R th (nm/^fln) 


-a^ofi is 


^15°H 42J #e)oi 
PBe-5-Me-5-NB 




1 ^1^1- 


100 TC, 18 


3.56 


^^l°l| 16 


421 #el°1 
PBe-5-Me-5-NB 


^^71^- 


^ 1 ^]i> 


100 r, is 


3.58 


^^l^ 17 


^12:^ 321 ^eJH 
PBe-7-Me-3-NB 


«* 




100 t, 18 


3.33 


-a*jc( is 


321 ^el^ 
PBe-7-Me-3-NB 


t«7l 


^ 1 


100 18 ^l?}: 


3.31 
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^a]^ 19 

(3 A J-*}5] ^ ^) 

>a-7] 2~13°IW ^ ^ AA aM^, K0BRA-21 ADH)t- *l**M 

z*4r 50° ^ ^^o] (A = 479.4 nm, 548 nm, 629 nm, 747.7 nm) ^-f 5] R ^r^kn, S§ 

(^o = 550nm) <HH5l R „ «I 6 jR 5o(^)/R 50 (^o)l-^^ ^7] M. 4°l) ^eJ^Si^. 



1^41 





#3*1 


R 50 (479.4) / R 50 ( ^ 0 
) 


R M (548) / 

R 50(^0) 


R 5Q (629) / 
R 50(^0) 


R 50 (747.7) / R 50(^0 
) 


^Alofl 2 


^12:^1 25] 
PBeNB 


1.007 


1.000 


0.998 


0.987 


^*l*f| 3 
51 


PBe-7-Me-3-NB 


1.007 


1.000 


1.000 


0.983 


^aH) 4 
5) 


^12:^ 35] ^EJH 
PBe-7-Me-3-NB 


1.010 


1.000 


0.997 


0.965 


*i*l°f| 5 
5) ^# 


45] fB]D) 
PBe-5-Me-5-NB 


1.008 


1.000 


1.000 


0.992 


-S^W 6 
5} ^1- 


^)^<i 55] 
PBe-3-Me-7-NB 


1.007 


1.000 


0.997 


0.968 


^aH) 7 
5} 


65] #51^ 
PBu-7-Me-3-NB 


1.010 


1.000 


0.993 


0.983 


^a]oJ 8 
51 ^# 


*f|^*Jl 75] 
PBu-5-Me-5-NB 


1.005 


1.000 


0.997 


0.972 


A ^]i 9 
51 ^-§- 


*82:*| 85] #e]o] 
PBu-3-Me-7-NB 


1.008 


1.000 


0.998 


0.975 


41*1*1) 10 
51 


*1]:2:<H) 95] l-e]o] 
PBuNB 


1.014 


1.000 


1.000 


0.970 


1^1<H) 11 
51 


*f|2:*D 1051 #Ej*] 
POc-7-NB-3 


1.004 


1.000 


0.981 


0.967 


4**1*11 12 

5i 


115] #z]t>1 
PDe-8-NB-2 


1.014 


1.001 


0.986 


0.980 


13 

5i 


^12:^1 125] #e)^ 
PTesNB 


1.017 


1.000 


0.974 


0.969 



#1* lfl 

t 5 ^- #*r-t"§- ^ ^Sfl 80 Wn2] e^o>^) E flole ^f^f^ «J-§-4 120 W -M A H) 22j PBeNB 

*l-8-*Hr ^l-i- 5 x 5 cm 3.7]7\ zj^ 3 ^3 ^-t- -t°fl ^ ^ 24 120 

-M^t-i- a^si -g-§- *i) n *va ^Tfl *W a 5<>ii 
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PBeNB3 -g-^f- (%) 


TAC3 (%) 


24 


0.17 ± 0.02 


1.23 ± 0.12 


120*1*> 


0.17 ± 0.02 


1.23 ± 0.12 



^7] 3^ fe) JjLig ^A^.^igoflA^ 7;3 ^^.2)- ^7M£ ^f-^ ^]^^_Dfl^o{]^^ 7:3 :g. 

^#3- ^ 2:^<H] S3*HH 3L^sqo]e,g. 5 ^ % , | rg arnox 1010 0.3 %» ^7 r 5. a]a! 
33 §3 ^ <^^^-pfl^ ofl^El 7:3 400 ^1 800 nnHH3 W*r^7)- 89 M-^ifl 

^3 § aa^-. 

(30^*133 PVA €#^43 *]£) 

A cM a}aH] 2 <HH ^<H^i #3 ^-^ofl^E^ ^#3 jt^*3* zj.^ ^7] 5, H BS.S. 

3£*]3£r 3:7^ *L^3 ^o§ ^ ^£t}(Wu, S. J. Polym. Sci. C Vol 34, p19, 1971). 
5) 

=r S L + riicos0 

<#7l ^aj 5 6 ^ AloflAi, 

Ys ^#3 3L^#3, fe- q«^|3 r* £ ^U#3 ^^13 Tfl^ -#3, 0 £r ^3-. ^e]j7 ^ 

33 ^(dispersion) ^<>laL, T p ±r ^^^3 ^ (polar) *g-<>]<}. 

*( r* =44.1, =6.7 mN/m)|- ^-8-58^ ^ ^3£- 74.3' *]9XJL. 3-*l^H °fl^(di-iode methane; r d =22.1 
, r =50.7 mN/m)^ + ^#3£- 33.5' <^l«^^, *| &SLS-^\ I£°i ^aj* 49.5 mN/m <>l & 

°l 1-3 ^ofl^Ei ici^Lva 8 mA3 6 m/min3 3^ ^3H(line speed) ^. 3 3 ^^(corona) *13 

^ ^«rS^f. a ^3- ^r*S# ^ + 3%3£- 20.7' 3-°l-SLH ^l^(di ode -methane)^- *r 

3 + ^#3£- 22' JBL« 76.9 mN/m°l#*}. 

#7) S5.i4(Corona) ^3 ^ 30 €■ o]iflo(| o] PVA(polyvtnylalcohol) ^<>11 10 # 

PVA ^-8-^^.^ ^(roll) ^a|^JL, 80 r 10 ^ ^^S^. * §3 ofl^efl s 
PVA ^^"^ ^M^l »}*r 



1>^! 3 sl3- 
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*IH *}-§-7l £j ^f-3 §^ofl u*e* ^ 2:^0] cfoj^ nco, LC D(Liquid crys 

tal display)* ^ a}-§-^ ^ ycj. 

(57) *!?S>1 

^7} ^^flf- 3E*Sj-fe tfl7>El h. C 3) °m (negative C-plate) % °l*g-^ 
^] 1 ^-ofl 55i<H^1, 

<tf?l 30 200 /mS. «J)3 ^71 15. 1a]s)^ emrflo]>3 # (R )o) 30 vfl*l 1000 

(^^ 1) 

R m = A (n y - n z ) x d 

n y ^ 550 nm°lH ^^5]^ ^vfl <>] ji^ ^(fast axis) 3 *^#°lJL. 
n 2 ^ 550 nnrHH ^3tt ^ #*^<>I j? f 

i iwfstiow. 

i ) *V7] 2j-t*>o 15. JLA}^fe. Jrs. SEfe- 

ii) ^1 15. JLAlS]^ 2 # 

&n*\ 1) 




m£- 0 43 ^olJL, 

1 203 5E*f 7M ^ ^z]. ^)^, J£^r ti]^; ^^5. *]«£l7}i+ 5 
123) A]«3.tt«; ^#^5. ^l^TlM- 6 vfl^l 403 ^#4^5. ^l^rSjTlM- *1 

£3*1 7 tfl^l 153 <>H^(aralkyl); &±^r 3 vfl^J 203 Hi(alkynyl); Si^r 
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1 tfl^) 203 5E£r ?\*\ ^^(haloalkyl), ^^^^(haloalkenyl). SE^r ^w)^(halovinyl); 
<a$r^4i3. *l$S]7M *m3*l ^ 5 vfl*l 123 ^*]#^^<halocycloalkyl); <2$Hr4i^ ^l^?^ 

*1«:3*1 S^r 6 Ml*) 403 ^(haloaryl); ^3)-^^ ^SMM- *)€:3*l &±^r 7 Mt*l 153 

«-5.°f^^(haloaralkyl); ^±.*r 3 Ml^l 203 ^«&?]^(haloa!kynyl); ^ 3<H£ *M * ( 
413 5u^r Z-^y^r *1^2Hr4i 7] (non-hydrocarbonaceous polar group) ^ ^.2.5.-^3 

i 103 ^§ ^ SZjl. £^ r , 5E^ R 2 7} r 3 SR < ^3 *m-3 <3 

^3<H 4 vfl*] 123 2L2r ^r5Ln at, SE^r 6 M)*] 243 Jl3^ v #-ir ^§ 

4. 

*n 3 ^Vsm-m. 




r p u u 

R ? R 7 R; N R» 0 O 



O 

n 

O O " " V R 7 ^OR 7 "^OR, 



-R,0§R, -ojjoR, -R,ojjoR, _ B S*» _ ^ Q / R « _ B /°^ _ - e / OR » 



R e O Rj O Re O O — C~ 

-W-C~R 7 -R 5 rl-C-R 7 -|\l-{j-0R 7 -tyJ-fi-OR, R * 

* * t * ■ * 

' f ft* 

^ o /CH „^/ OR <> J?/ OR <» ^/ORe V OR o li/ORe 

\QR 7 ' ^ORy \OR 7 * \OR 7 ^OR 7 ^0R 7 

* » r » t , 

- O -Re-SI^-R 7 -0-FVSI^-OR 7 ~ Rjj- O -f^-S^-R 7 - R,- O -Rj-SI^-OR, 

R» OF^ Rg OF^ 

» » # 

^ A » / OR( ? ■ /v. 

-C- O -R,-Si^-R 7 -C-O— R 5 -Si^-OR 7 -p^-C-O -R 5 -Sl -R 7 

Re OF^ Re 
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O OR, R, OR, 

-Rs-C-O-FVSf-OF^ -o-f^-0~R5-sQ-R 7 - O— R^— O — R$-Sl — OR, 

OR, R, OFfe 

» * » 

O Re O OR, 

- O-R5-C- O -Rq~s(^-R 7 - O-R^-C-O ^fVS^OR, 

Re OF^ 
• * 

O Re O °Re 

■ / „ II / _ 

- FV- O-.R, -C- O - R,- SI- R 7 -R5-O-R5 ~C~ O -FV Si - OR, 

Re OFfe 

Re OR, R, 

- FV- O- R,-. Q ^Rj-SI-Rz - Rj-O- R«- 6 -Re- Si^-OR, _ F^— NH— FV~ Sf / -R 7 

Ra OF^ R, 

OR, o Re O OR, 

- Rs- NH— R^- Sl^- OR 7 _ F^-C-NH-Rj-SI^R? - R5 -C-NH-R4- OR, 

ORe F2, ORj 

O OR. *. R. O OR, R, OR, 

-C-0-CH 2 — CH — CHj — N-FV-S^-R 7 ~C- O - CH 2 — CH — CH r — N— R4— S?^- OR 7 

Re OF^ 

O CRe ^ ^ O OR, ^ OR, 

- Rj-C-O-CH — CH CHj N — Rj— Sr— R 7 - F^— C— O — CHj — CH — CH 2 — N — F^— Sf^-~ OR, 

R» OF^ 

Cr ?e /• CI" r, OR, 

-Ra-NH^V-N- R,-s(^R 7 .-j R,— N h£- R 6 — N — fV" Si — 0 R 7 

R e f 31 OR, 

A cJ-^l 3-§-7l*J z}z]-^ R 5 ^ 3^4= 1 vflx] 2 03] Sxr 7\*\ 1t*J r ^^-^d, <£n)*d, ^^l^, *l\i, Q 
^SHr^ *13r3*l 4 M]*] 123J *1 Si^f ^5Al#5.«a*J; ^#4^5. *] 

^r^^HM- ^di^ 6 403J o>^ gc^ H\3.*H1; ^SHr^^. *l«r*]*l 7 

*fl*l 153) oHi^aralkyl) ^S^Hirti; 3 Ml*] 203J <g?) ^(alkynyl) Sfe ^.^l 

R 6 ,R 7 ,9iR 8 £ tt£fl. 1 20^1 SEfe- 7>*1 ^ <£zj, tti«rtl, *£ 

rfc*r 4 Ml^l 123] Al#S.^ ^5. A] ^;£_<g*a; ^^r±.S. <£4^r 6 4031 o>^ 

t^°H, ^>^^a), «£.o>^a); ^rSj^4iS. ^]«r^^l S^: ^i^r 7 Ml^) 1531 <>f^^(ara!kyl) 

^4i^r 3 203J ^ (alkynyl) ^^^l^oj^^ 

^3J 1 ifl^l 1031 ^^lcf. 

^ 1 »H SMI. 

^7] 5L*\% ^n^&A *t^7\ Jf7> »«t °1*^9 «*. 

6. 
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XI 1 ^«HI Si<>W. 

^7] jiel«£ ^-eflsflTfl JjS-7> ^fM)7V ^ 3h*7|# «--8-3Hr i:Si.\fl7fl sfl2] JLS SE^r ^s. cfe ^-S 

^-8-711- fh-S-sl-fe- i,j±v!!?i| ^Afl^o) ^^g-aijo) <,]#Aj 

^T 1 ^ 8. 

XI 1 qM*5tI<H<*1. 

^71 aiel^ £e))4fl7fl f>^*l)7V 3-§-7l # ^-8-*K? ia.vj^] ^sfls). ^ *l-§-7]-i- iiiLVfl 

9. 

*B 1 ^°fl 5»<>W. 
10. 

XJ 1 ^ofl 5i<H-*i. 

^7] jL^ig -t-ell^Tfl ^7> f>^7V hziVflTi] ^r^^ll- 10 Ho]^ A D |) sj-ofl ^-7> f^*Hf- #7fl# i#«Hr 

W °s. ^flaslfe ^ <=>) 3g^ w 

^7] Jiel^ -g-efl^iTfl *f-7} ^^7Y 
^ 3J--8-7l# ii a. Til "a-^sfll- 

i ) 10 ^51 3*°)^ sj-^-g-sj ^H^-g-; 

ii) 15^ S^fe- 3*h ^7)| ^§-§- £ ^ 5U*T H^-fr 3*H}-§- 7\ ^1 -8-71 S^^l-S] ££*-Dl) ^ 



^T^12. 

^71 ui^tg -Srefl^Tfl ^^^71- 

ofli^ = 7l °M1^7|21 =>g 3f-8-7l^ i^sRr iiiiidlTfl <tH?*))-i- 
i ) 10 ^2] 3°}^ S)-^-§-; 

ii) ^ n£7f 3}<H£ 160 * 91 15^ ^>^7fl ej^-s-t $-8-«Hr S|^#; *3 



Hi) -tf7) i )£] ^ol^ofl ef*>7fl «H^€ ^ Si^ #°|^# X|*« ^ 5tf-b <H 
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^T 1 ^ 13. 

*)) i ^°fl w<\. 

*8 1 ^ 5U<H*1. 
15. 

*W <r**}"il 1S. SAlsJfe. e}Efd|o|Ai &( R ^ ) o. 3 0 ufl^l 1000 nm©ljl. <y^^. pgAfzfoflAi 3£§ 

3fe * 3H8-o)Hs) $|-tf*>il]^ ( R 450 / R 55o) oj t vflx] 1.05 (R 6S0 /r )o| o.95 1 11 %n 

#71 R «so * J* 5 * 450 nrTHW3 ^^j. ^^37, r 55Q o. ^ 55Q nm o)|Ai^ ##*} R 650 £ 3^ 650 

R m = A(n y - n 2 ) x d 

n y 550 nm<HW ^s)^ jl^ ^(fast axis)$J #^t-o]aI f 

n 2 *r 550 nm*M %^8^^ ^ » 0 V ^ #^#<>laL. 

16. 

*fl 15 #<H>H, 

-tf^l ^ 400 800 nm*M *J # ^4^7} ^<H£ 90 % ^1 °l*JhS ^ 

15 

18. 

iel^ *^7fl ^-7} £Al^l(ii q uid crystal display)^- ^aj- 

*l 18 

-r^ll: 30 MM 200 /an.3. S^-i: «1)<>l ^7] IS. JLa]e]^ ejEfcflo)^ # (R )0 ) 30 vfl*] 1000 

(*r*M 1) 

= A (n y - n z ) x d 
-^l 4^*} 1^ ^<^l>H. 
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n y fe- ^ 550 nm<HH ^83^ ^vfls) JL^ ^(fast axis) 21 #^g*©J jl, 
n z *f sJ-# 550 nnHM ^ ^3 ^gl^lJL. 

d£r €1-2] ^MM*}. 

^ T 11 ^ 20. 
18 

*7| ^#21 ^^#o] n x -n y < n 2 ^ fe ^ ^ ^ ^ (s |ow axis)2j #*i#°lal, n v ^ ^(fast axis 

*9tt 21. 

c) -#7) ^^]7l] ^-7} f^*fl ^.ofl^. ^ofl 5?^ 7H^*Kil ^sRr ?H±:*H (casting) 

^n L ^22. 

*1 21 gV$U<H>H, 

el, SE^r S«8 4J>M*Hr 3£^*Je1 ia-7fl 

^St 1 ^ 23. 

21 gVsu*^, 

A <M n x = n y < n * #?fl(n x ^ ^2] ^(slow axis)2l #^l-o] ji # n ^ j, ^ ^ {fast axis 

3}^% 24. 

21 «-<1 XI 

#7) b)^]2l -g-^^r 7^1, <l3Hh*M], ^5]^ ^^fl, ^ tfl^i ^1^15. ?O^E] ! ^ 

25. 

21 $1*1*1, 

^7l b)#7»2l -8-ufl7f 3 12 7fl3) ^ %^ ^ ^tfls f 3 ^ 12 785] ^ 3 tfl^l 12 

^ *t l ^' 26. 

1 » ^l^)^ €1-^ JLAl 

27. 

^) 26 g-oj 

A J-7l K^l ^1^- ^<a-o] ON Stt OFF «8 ^^#21 ^-^#0] n x- n y < n z ^^l( n x ^ ^vfl2) ^ 

(slow axis) 2] ^l-o] ji, n y ^ Jl^ ^(fast axis) 2] ^^I-oJjl, n z ^ ^ *&*&S>} J2L 
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SL^sRr «S3 
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